ABSTRACT:Background: Our facility's current blood volume measurement protocol has involved separate measurement of plasma and red cell volumes. The purpose of this study is to determine whether measurement with a recently FDA-approved, one-compartment semiautomated system provides similar accuracy. Methods: Blood volume measurement was performed on 27 volunteers using our current protocol followed immediately by semiautomated plasma volume measurement and red cell volume calculation with a recently available system (BVA-100). Results: Double labeling for red cell mass and plasma volume required approximately 5 hours of technologist and processing time; measurement with the BVA-100 required approximately 1.5 hours or less, a saving of 3.5 hours time per test. Whole blood and red cell volume each exhibited a Pearson correlation of 0.96, and plasma volume exhibited a Spearman rank correlation of 0.90. Average percent difference between the measurement methods was 2.2% for whole blood volume, 0.9% for red cell volume, and 3.3% for plasma volume. The mean ratio between the mean body hematocrit and measured venous hematocrit (f ratio) was 0.91, with a standard deviation of 0.0405. Conclusions: The BVA-100 has significant advantages in terms of time and ease of use. The 2 tests can be considered equivalent methods for blood volume measurements. KEY INDEXING TERMS:
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These lapses have on occasion interfered with performing studies in a timely manner.
A convenient I-131 blood volume measurement kit has recently become available (Volumex, Daxor Corporation). We compared results from our standard method and the I-131 kit to see if the tests are equivalent, and if the kit is appropriate to replace our current measurement system.
Materials and Methods

Subjects
Twenty-seven volunteers (19 male, 8 female, ages 42 to 79) were studied consecutively, first (method I) using the traditional ICSH protocol (with minor variation, as described in the methods section), followed immediately thereafter by the radioiodinated I-131 albumin kit (method II, according to manufacturer's directions). Twenty-five patients had been referred to the William Beaumont Nuclear Medicine Department for suspected polycythemia or for follow-up of polycythemia treatment. The remaining two patients were healthy volunteers.
The study was approved by the William Beaumont Hospital Human Investigation Committee. All patients signed an Informed Consent Form after reading the form and having an opportunity to ask questions. 
Double-Labeled Blood Volume Measurement (Method I)
A sample of patient blood was removed. A portion was set aside for a patient blank, and a portion was mixed with Cr-51 sodium chromate. Two identical doses of chromium labeled red blood cells were drawn. One dose was used to prepare the standard and the other was reinfused into the patient. Both doses equaled about 30 Ci of Cr-51 labeled RBCs. Similarly, two doses of I-125 labeled human serum albumin (RISA) were drawn. One was used to prepare a standard and one to be injected into the patient. The RISA doses equaled about 8 Ci.
The patient was injected with both the Cr-51-labeled red cells and the I-125 iodinated human serum albumin. The Cr-51 RBCs were injected first, followed by 5 mL of saline. Then the RISA (contained in a separate syringe) was injected, followed by 5 mL of saline. Both radiopharmaceuticals were injected through the same IV line.
A total of 3 samples were then withdrawn, at 10, 20, and 30 minutes.
The hematocrit of the samples was determined.
The radioactivity of duplicate 3 mL aliquots of whole blood, I-125 and Cr-51 standards, and a patient blank were measured in a dual channel scintillation well counter. One channel is set to count I-125 and another to count Cr-51.
Red cell volume was calculated as follows. (These counts were measured in the Cr-51 Channel.)
where C Cr51std was the number of counts from the Cr-51 standard, Cr bkg was the number of counts from the room background, 1000 ml represents the volume of the standard (equal doses of the radiopharmaceutical are injected into the patient and the standard), and C Cr51ptl was the average count of the 3 blood samples counted in the Cr-51 channel of the well counter, Cp bkg was the number of counts from patient background.
For plasma volume, the patient sample counts were plotted semilogarithmically against time to extrapolate the counts at time t ϭ 0. This corrects for loss of albumin from the intravascular space through transudation.
The plasma volume was then calculated as follows. (These counts were measured in the I-125 channel.)
where C I125std was the number of counts from the I-125 albumin standard, C bkg was the number of counts from the room background, 1000 ml represent the volume of the standard (again, equal doses of the radiopharmaceutical are injected into the standard and into the patient), C I125pt represents the counts from the patient sample extrapolated back to tϭ0 and corrected for Cr-51 spill down into the I-125 channel; Cp bkg was counts from patient background.
Blood Volume Measurement with the Albumin I-131 Kit (BVA-100, Method II)
The BVA-100 is an integrated system consisting of a scintillation detector specifically designed for measuring plasma I-131 aliquots, a computer program that controls the detector and calculates blood volume from measurements of plasma radioactivity, and single-use kits of albumin I-131 injectate (in a flow chamber designed to deliver 99.8%ϩ of the radiolabeled albumin) and a matching standard in a pre-measured aliquot. Based on studies of individual blood volume measurements submitted for FDA approval, the accuracy of the BVA-100 is Ϯ2.5%.
The patient was injected with approximately 10 Ci of I-131 iodinated human serum albumin. Five samples were withdrawn at 12, 18, 24, 30, and 36 minutes after injection, and 1 ml plasma aliquots were prepared in duplicate for each sample. The use of 5 sample points in the BVA-100 system (rather than the 3 sample points commonly used in double labeling) is designed to enable easier identification and possible discarding of outliers without loss of accuracy. The radioactivity of the sample aliquots, the standard, and a patient blank were measured.
These measurements were entered into the BVA-100 computer program and used to calculate blood volume. The BVA-100 calculations extrapolate plasma counts to zero time, to correct for albumin transudation. The whole blood and red cell volumes are determined using multiple hematocrit measurements; the ratio between venous (measured) hematocrit and whole body hematocrit is assumed to be 0.91. The program also incorporates a correction for trapped plasma.
Statistical Analysis
Whole blood (TBV), plasma (PV), and red cell volume (RCM) were expressed in milliliters. The difference between the 2 methods for each compartment was calculated for each of the 27 subjects using the following equation:
(Mean BVA-100 Volume Ϫ Mean double-labeling volume) ----------1 ⁄2(Mean BVA-100 Volume ϩ Mean Double-Labeling Volume)
Whole blood volume and red cell volume distributions could be treated as normal distributions and compared with the paired t test. The plasma volume distribution was not normal. Its skewness was within 2 standard deviations of skewness for a sample size of 27 and could thus be treated as a symmetrical distribution and compared using the Wilcoxon signed rank test.
To compare possible variations arising from using a one-compartment versus a 2-compartment method, 9 -13 the venous hematocrit as measured for the double labeling technique was compared with the mean body hematocrit for each patient. A mean body hematocrit for each patient was calculated by dividing the Cr-51 measured red cell volume by the I-125 measured plasma volume. The ratio of the mean body hematocrit to the measured venous hematocrit (f ratio) was calculated.
Results
The technologist time for method I, which includes Cr-51 red cell labeling, was approximately 3.5 hours, with a total processing time of 5 hours for available results. For method II, the technologist time, including processing time for available results, was 1.5 hours. Table 1 shows the mean, standard deviation, and correlation coefficient for each blood compartment measurement. Graphical comparison of the 2 sets of values is presented in Figures 1 through 3 . The correlation between the methods for each compartment meets (PV) or exceeds (TBV and RCM) 0.90. 
Comparison of Red Cell and Whole Blood Volume Using Tagged Red Cells, Iodine-125, and Albumin
The average percent differences were 2.2% for whole blood volume, 0.9% for red cell volume, and 3.3% for plasma volume.
The average f ratio of mean body hematocrit to measured hematocrit was found to be quite close to 0.91. Variations that occurred in f ratio did not correlate with differences between the 2 methods of measuring blood volume. Thus, individual differences in f ratio did not have a significant effect on the final accuracy of the results.
Discussion
The BVA-100 offers a considerable time saving for blood volume measurement. Additional time may be saved in emergency situations; preliminary results from the BVA-100 may be obtained from the first 2 to 3 samples, which can be withdrawn less than half an hour after injection. Results from the initial 2-3 samples are usually concordant within, respectively, 4% and 5% of the final results.
Measurements for whole blood volume, red cell volume, and plasma volume exhibited a very high correlation between the 2 methods. Further, the percent differences between the 2 methods for whole blood volume and red cell volume were smaller than the reported accuracy of Ϯ2.5% of the BVA-100 itself. The 2 tests can be considered equivalent.
It should be noted that this is a small study. Although generally the correlation of the data is tight, it would seem imperative that similar comparisons be done in other populations where "pathologic process may be a different etiology."
The cost of re-agents were comparable.
Conclusion
From these tests, it can be seen that the BVA-100 correlated very strongly with double labeled radioisotopic blood volume measurement and can be treated as an equivalent test. The test is simpler and quicker to utilize and does not require the re-infusion of autologous cells, eliminating the concern of injectate mix-up. This test offers the opportunity for the incorporation of accurate radioisotopic blood volume measurement into clinical situations in which blood volume derangements are known to occur.
However, it should be noted that only a small number of normal patients were included in this study, and that a larger number of normal controls are necessary for complete validation. In addition, comparison of these 2 techniques needs to be extended into other disease states of altered blood volume. 
